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Abstract
Basing on the Newton’s second law and the Maxwell equations
for the electromagnetic fields, we establish a new 3D incompressible
magneto-hydrodynamics(MHD) equations for the motion of plasma un-
der the standard Coulomb gauge. By using the Galerkin method, we
prove a global weak solution for this 3D new model.
keywords
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1 Introduction
It is well known that magneto-hydrodynamics is the study of the dynamics
for electrically conducting fluids which are frequently generated in nature
and industry, for example, the sun, beneath the Earth’s mantle, plasma,
liquid metals, and so on. We refer to Bittencourt’s monograph [2] for the
basic background and to Temam’s article [21] for related mathematical is-
sues. The model of magneto-hydrodynamics receives an increasing atten-
tions from many scientists. Such as, S. Chandrasekhar [3] first established
magneto-hydrodynamic (MHD) equations. Afterwards, the extended mag-
netohydrodynamics (XMHD) model has been researched in high energy den-
sity (HED) plasma systems, see [18], [19], [25] and their references.
For the MHD equations, Duvaut and Lions [4] proved the existence of
global weak solutions in Leray energy space and the existence of classical
solutions locally in time for smooth initial data. Until now, there have been
many studies on the problem of regularity of weak solutions for MHD equa-
tions. Xin [9] introduced the definition of interior suitable weak solutions
∗Email:liuruikuan2008@163.com. Supported by NSFC(11401479)
†Corresponding author:jiayan 1985@163.com;
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and obtained partial regularity theorems. Kang and Lee [10] and Wang and
Zhang [22] gave other regularity criteria under the Ladyzhenskaya-Prodi-
Serrin type conditions. Kang and Kim [11], [12] considered suitable weak
solutions in the half space and gave a boundary regularity criteria.
Recently, the Hall magneto-hydrodynamic (Hall-MHD) model was estab-
lished by A. Marion, D. Pierre etc in [14]. The Hall-MHD model receives
an increasing attentions from plasma physicists. It is believed to be the
key for understanding the problem of magnetic reconnection. Indeed, space
plasma observations provide strong evidence for the existence of frequent
and fast changes in the topology of magnetic field lines, associating to im-
portant events such as solar flares [6]. For the existence of global weak and
regular solutions of the (Hall-MHD) equations, we refer to [7], [8], [13]. For
the generalized magnetohydrodynamics (MHD) and Navier-Stokes systems,
we refer to [1], [6], [13], [17], [18], [19], [23], [24].
However, the corresponding models in above papers are obtain by using
certain approximations and assumptions. In this paper, basing on some
basic physics principles, a new 3D incompressible magneto-hydrodynamic
model for plasma shall be established without any assumptions. It is in
particular that the model describes the un-static electronic field. Moreover,
the existence of the global weak solution of this 3D model is obtained by the
Galerkin method.
This paper is organized as follows. In Section 2 we introduce the new
MHD model and also show the new MHD model is compatible with Maxwell
equations. Meanwhile, we will analysis the characters of our model and the
classical MHD model. In Section 3, we give some notations, definitions
and also demonstrate that a global weak solution of the three dimensions
incompressible MHD equations.
2 A new MHD Model
2.1 A new model
The motion of plasma obeys the Maxwell equations for electromagnetic fields
curlE = −
∂H
∂t
, (2.1)
divH = 0, (2.2)
curlH = µ0(J+ ǫ0
∂E
∂t
), (2.3)
divE =
ρ
ǫ0
, (2.4)
where ρ,E,H,J, ǫ0 and µ0 denote, respectively, the total charge density of
the plasma, the electric field, the magnetic field, the current density, the
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electric permittivity, and the magnetic permeability of free space.
Let A0 be a scalar potential and A = (A1, A2, A3) be a magnetic poten-
tial. Basing on the mathematical theory of vector fields, we easily get the
following equations from (2.1)-(2.4)
H = rotA, (2.5)
E = −∇A0 −
∂A
∂t
, (2.6)
rotH = µ0(J+ ǫ0
∂E
∂t
), (2.7)
divE =
ρ
ǫ0
. (2.8)
Obviously, the equations (2.1)-(2.4) are equivalent to (2.5)-(2.8).
In the following we will deduce new governing MHD equations according
to the classical Newton’s second law and the Maxwell equations (2.5)-(2.8).
Firstly, from the Newton’s second law, the motion of plasma are governed
by the following Navier-Stokes equations
∂u
∂t
+ (u · ∇)u = ν∆u−
1
ρ0
∇p+
1
ρ0
J×H+ f, (2.9)
where u = (u1, u2, u3) is the velocity field, p is the pressure, J ×H is the
Lorentz force, J is current density, f is the external force, ρ0 is the mass
density and ν is the dynamic viscosity.
It is known that the plasma current density is in direct proportion to the
speed of plasma motion,
J = ρeu, (2.10)
where the constant ρe is the equivalent charge density, which is a constant.
Together (2.9) with (2.10), we get
∂u
∂t
+ (u · ∇)u = ν∆u−
1
ρ0
∇p+
ρe
ρ0
u×H+ f. (2.11)
Secondly, we shall obtain an equation of the motion for the magnetic
field. From (2.7), we have
ǫ0µ0
∂E
∂t
= rotH− µ0J. (2.12)
Then, combining (2.6) and (2.12), we obtain
∂2A
∂t2
= −∇Φ−
1
ǫ0µ0
rot2A+
1
ǫ0
J, (2.13)
where Φ = ∂A0∂t .
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As the matter of fact, based on the Lorentz invariance of electromag-
netism theory in [16], the equations (2.5)-(2.8) can be equivalently written
as follows
∂µFµν = Jν(ν = 0, 1, 2, 3), (2.14)
where Fµν =
∂Aν
∂xµ −
∂Aµ
∂xν , Aν = (A0,A) is the 4D electromagnetic potential,
Jν = (−cρ,J) is the 4D current density. By the 4D current conservation law
∂µJµ = 0 (2.15)
and the identity
∂ν∂µFµν = 0, (2.16)
we have that
∂ν(∂µFµν − Jν) = 0, (2.17)
which implies that the number of independent equations in (2.14) are three
and the number of unknown functions of (2.14) are four. Hence, we need to
supplement a equation , physically called the gauge-fixing equation, to enure
a physical solution. Basing on the physical fact, we take the Coulomb gauge
divA = 0. (2.18)
By (2.18), we obtain
rot2A = −∆A.
Therefore, (2.13) can be rewritten as follows
∂2A
∂t2
=
1
ǫ0µ0
∆A+
1
ǫ0
J−∇Φ. (2.19)
Finally, from (2.9), (2.10) and (2.19), a new 3D incompressible MHD system
is given by:

∂u
∂t
+ (u · ∇)u = ν∆u−
1
ρ0
∇p+
ρe
ρ0
u× rotA+ f,
∂2A
∂t2
+∇Φ =
1
ǫ0µ0
∆A+
ρe
ǫ0
u,
∇ · u = 0,
∇ ·A = 0,
(2.20)
where u = (u1, u2, u3), A = (A1, A2, A3), p, f ,Φ,ν ρ0, ρe, ǫ0 and µ0 denote,
respectively, the velocity field, the magnetic potential, the pressure, the ex-
ternal force, the magnetic pressure, the dynamic viscosity, the mass density,
the equivalent charge density, the electric permittivity and the magnetic
permeability of free space.
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Remark 2.1. It is obvious that we deduce the new incompressible MHD
equations basing on the basic principles without any assumptions. Naturally,
this new MHD equations exactly discrible the motion of plasma. It is worth
pointing out Φ = ∂A0∂t represents the magnetic pressure. The Coulomb gauge
(2.18) guarantees a physical solution.
Remark 2.2. When the dimension N of the space is 2, the operator curl
and c˜url are defined as follows
curlu =
∂u2
∂x1
−
∂u1
∂x2
for each vector function u = (u1, u2),
c˜urlΨ = (
∂Ψ
∂x1
,−
∂Ψ
∂x2
) for any scalar function Ψ.
It is easy to observe that the two-dimension formula is given by
c˜urlcurl u = grad divu−∆u.
Eventually, our new model is also true for the 2D MHD.
2.2 Compatible with Maxwell equation
It is known that the second equation of (2.20):
∂2A
∂t2
=
1
ǫ0µ0
∆A+
ρe
ǫ0
u−∇Φ (2.21)
is derived from the equations (2.5)-(2.7). The gauge-fixing equation (2.18)
is the Coulomb gauge.
Now, we will show that the model (2.20) is compatible with the Maxwell
equations (2.5)-(2.8)(or equivalently (2.1)-(2.4)). Namely, we need to prove
that (2.21) and (2.18) are compatible with the equation (2.4).
To divergent both sides of (2.21), and by (2.18), we get
∂
∂t
(∆A0) = 0. (2.22)
On the other hand, by (2.8), we obtain
∂
∂t
(divE) = 0, (2.23)
because ρ is a constant in the plasma. By (2.6) and (2.18), we deduce that
∂
∂t
(divE) = −
∂
∂t
(∆A0) = 0, (2.24)
which implies (2.21) and (2.18) are compatible with the equation (2.4).
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2.3 The classical magneto-hydrodynamics (MHD) equations
The classical magneto-hydrodynamics(MHD) equations was established by
S. Chandrasekhar in [3]. He took the following assumption
∂E
∂t
= 0, (2.25)
then the equations (2.3) can be rewritten as follows
curlH = µ0J. (2.26)
The current density J is described by Ohm’s law
J = σ(E+ µu×H), (2.27)
where σ is the coefficient of electrical conductivity.
According to (2.27), we get
E =
1
σ
J− µu×H. (2.28)
It follows that from (2.26) and (2.28)
E =
1
µ0σ
rotH− µu×H. (2.29)
Inserting (2.29) for E into equation (2.1), we have
∂H
∂t
− rotu×H = −rot (
1
σµoµ
rotH). (2.30)
For simplicity, setting µ = σµoµ, then (2.30) takes the form
∂H
∂t
+ (u · ∇)H = µ∆H+H · ∇u. (2.31)
By (2.26), we deduce J = 1µ0 rotH, then Lorentz force L is given by
L = J×H =
1
µ0
rotH×H. (2.32)
Similar to (2.9), for the incompressible fluid, the equation of motion take
the form
∂u
∂t
+ (u · ∇)u = ν∆u−
1
ρ0
∇p+
1
µ0
rotH×H+ f. (2.33)
where u = (u1, u2, u3) is the velocity field, p is the pressure, f is the external
force, ρ0 is the mass density and ν is the dynamic viscosity.
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Combining the motion of fluid and the the energy conservation, and
ignoring the displacement current, the classical MHD equations are given by
(2.31)-(2.33) as follows

∂u
∂t
+ (u · ∇)u = ν∆u−
1
ρ0
∇p+
1
µ0
rotH×H+ f,
∂H
∂t
+ (u · ∇)H = µ∆H+H · ∇u,
∇ · u = 0,
∇ ·H = 0,
(2.34)
where u, H, p, ν, µ and ρ0 denote, respectively, the velocity field, the mag-
netic field, the pressure, the dynamic viscosity, the resistivity and the mass
density.
Remark 2.3. It is obvious to see that the magnetic equations in MHD (2.20)
are different from that in (2.34). In classical model , the first equation (2.5)
of the Maxwell equations is applied to get the magnetic equation in (2.34).
In other word, the classical model (2.34) holds true for the static electronic
field. However, we use the third equation (2.7) of the Maxwell equations
to get the corresponding magnetic equation in (2.20). Moreover, from the
subsection 2.2, we also know the model(2.20) is compatible with the equation
(2.8) of the Maxwell equations.
3 Existence of the global weak solution of the MHD
Now, we study the new 3D incompressible MHD equations with external
force f(x)

∂u
∂t
+ (u · ∇)u = ν∆u−
1
ρ0
∇p+
ρe
ρ0
u× rotA+ f(x),
∂2A
∂t2
=
1
ǫ0µ0
∆A+
ρe
ǫ0
u−∇Φ,
∇ · u = 0,
∇ ·A = 0,
(3.1)
in ΩT = Ω × [0, T ] ⊂ R
3 × [0,∞). Here u(x, t) = (u1, u2, u3) is the velocity
field, A(x, t) = (A1, A2, A3) is the magnetic potential, p is the pressure, Φ =
∂A0
∂t is the magnetic pressure with the scalar electromagnetic potential A0,
ν0 is the dynamic viscosity, ρ0 is the mass density, ρe is the equivalent charge
density, ǫ0 is the electric permittivity and µ0 is the magnetic permeability
of free space. Hereafter, we only consider the following boundary conditions
u(t, x) = 0, A(t, x) = 0, on ∂Ω× [0, T ]. (3.2)
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The initial conditions are chosen as follows
u(0, x) = φ(x), A(0, x) = ψ(x), At(0, x) = η(x). (3.3)
3.1 Notations and definitions
We give a few notations and definitions and then state our main result of this
paper. Let Ω ⊂ R3 be a bounded domain. Let Hτ (Ω)(τ = 1, 2) be the usual
Sobolev space on Ω with the norm || · ||Hτ and L
2(Ω) be the Hilbert space
with the usual norm || · ||. The space H10 (Ω) we mean that the completion
of C∞0 (Ω) under the norm || · ||H1 . If ̥ is a Banach space, we denote by
Lp(0, T ;̥) the Banach space of the ̥-value functions defined in the interval
(0, T ) that are Lp-integrable.
We also consider the following spaces of divergence-free functions (see
Temam [20])
X = {u ∈ C∞0 (Ω,R
3) | divu = 0 in Ω},
Y = the closure of X in L2(Ω,R3)
= {u ∈ L2(Ω,R3) | divu = 0 in Ω},
W = the closure of X in H1(Ω,R3)
= {u ∈ H10 (Ω,R
3) | divu = 0 in Ω}.
The space L2(Ω,R3) has the Leray decomposition L2(Ω,R3) = W ⊕W⊥,
where
W⊥ = {u ∈ L2(Ω,R3) | u = ∇p, p ∈ H1(Ω)}
(Leray decomposition). Throughout the paper P will denote the orthogonal
projection from L2(Ω,R3) into W . Then the operator B : D(B) →֒ Y → Y
given by B = −P∆ with domain D(B) = H2(Ω,R3)∩W is called the Stokes
operator, which is positive definite and self-adjoint operator by the relation
(Bω, v) = (∇ω,∇v), for all ω ∈ D(B), v ∈W.
The operator B−1 is linear continuous from Y into D(B), and since the
injection of D(B) in Y is compact, B−1 can be considered as a compact
operator in Y . As an operator in Y , B−1 is also self-adjoint. Hence it
possesses a sequence of eigenfunctions {ej}
∞
j=1 which form an orthogonal
basis of Y
Bej = λjej , ej ∈ D(B),
and
0 < λ1 ≤ λ2 ≤ λ3 ≤ · · · , λj →∞, for j →∞.
Definition 3.1. Suppose that φ, η ∈ Y , ψ ∈ W . For any T > 0, a vector
function (u,A) is called a global weak solution of problem (3.1)-(3.3) on
(0, T ) × Ω if it satisfies the following conditions:
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1. u ∈ L2(0, T ;W ) ∩ L∞(0, T ;Y ),
2. A ∈ L∞(0, T ;W ), At ∈ L
∞(0, T ;Y ),
3. For any function v ∈ X, there hold∫
Ω
u · vdx+
∫ t
0
∫
Ω
(u · ∇)u · v + ν∇u · ∇v−
ρe
ρ0
(u× rotA) · vdxdt
=
∫ t
0
∫
Ω
f · vdxdt+
∫
Ω
φ · vdx
and ∫
Ω
∂A
∂t
· vdx+
∫ t
0
∫
Ω
1
ǫ0µ0
∇u · ∇v+
ρe
ǫ0
u · vdxdt =
∫
Ω
ηvdx.
3.2 Existence theorem
For the classical MHD equations, Duvaut and Lions [4] proved the existence
of global weak solutions in Leray energy space and the existence of classical
solutions locally in time for smooth initial data. Now, we state our main
result as follows.
Theorem 3.2. Let the initial value φ, η ∈ Y , ψ ∈ W . If f ∈ Y,Φ ∈
L2(0, T ;H10 (Ω)), then there exists a global weak solution for the problem
(3.1)-(3.3).
Proof. Based on the standard Gerlinkin’s method. Let {ek}
∞
k=1 be W and
Y common orthogonal basis. We consider the finite dimensional subspaces
Wk = span{e1(x), e2(x), ..., ek(x)}, k ∈ N, the corresponding orthogonal
projections Pk :W →Wk. The approximate solutions
uk(x, t) =
k∑
i=1
cik(t)ei(x),
Ak(x, t) =
k∑
i=1
dik(t)ei(x),
(3.4)
expanded in terms of eigenfunctions of Stokes operators. Then, the coeffi-
cients cik(t) and dik(t) are found by requiring that u
k and Ak satisfy the
following equations:
∂uk
∂t
+ Pk(u
k · ∇uk) = −νBuk +
ρe
ρ0
Pk(u
k × rotAk) + Pkf,
∂2Ak
∂2t
= −
1
ǫ0µ0
BAk +
ρe
ǫ0
Pk(u)− Pk(∇Φ),
uk(0) = Pk(φ),A
k(0) = Pk(ψ),A
k
t (0) = Pk(η),
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which owns the weak form∫ t
0
∫
Ω
ukt · α+ (u
k · ∇uk) · α+
1
ρ0
∇p · αdxdt
=
∫ t
0
∫
Ω
ν∆uk · α+
ρe
ρ0
(uk × rotAk) · α+ f · αdxdt, ∀α ∈Wk, (3.5)∫ t
0
∫
Ω
Aktt · β +∇Φ · βdxdt
=
∫ t
0
∫
Ω
1
ǫ0µ0
∆Ak · β +
ρe
ǫ0
uk · βdxdt, ∀β ∈Wk, (3.6)
uk(0) = φk(x),A
k(0) = ψk(x),A
k
t (0) = ηk(x). (3.7)
Setting α = uk in (3.5). Note that using integration by parts, we get∫
Ω
(uk · ∇uk) · ukdx =
1
2
∫
Ω
(uk · ∇)|uk|2dx = −
1
2
∫
Ω
(∇ · uk)|uk|2dx = 0,
since ∇ · uk = 0. It is easy to see that (uk × rotAk) · uk = 0. Hence, (3.5)
can be rewritten by
1
2
∫ t
0
d
dt
∫
Ω
|uk|2dxdt = −ν
∫ t
0
∫
Ω
|∇uk|2dxdt+
∫ t
0
∫
Ω
fukdxdt. (3.8)
Taking β = Akt in (3.6), we have
1
2
∫ t
0
d
dt
∫
Ω
(
|Akt |
2 +
1
ǫ0µ0
|∇Ak|2
)
dxdt =
∫ t
0
∫
Ω
ρe
ǫ0
uk ·Akt dxdt, (3.9)
since
∫
Ω∇Φ ·A
k
t dx = −
∫
Ω Φ(∇ ·A
k
t )dx = 0.
Adding (3.8) and (3.9), using the Ho¨lder inequality, we obtain
||uk(t)||2 + ||Akt (t)||
2 + 2
∫ t
0
∫
Ω
ν|∇uk|2dxdt+
∫
Ω
1
ǫ0µ0
|∇Ak|2dx
≤ 2||uk(0)||2 + 2||Akt (0)||
2 +
∫
Ω
1
ǫ0µ0
|∇Ak(0)|2dx
+
(
ρe
ǫ0
+ 2
)(∫ t
0
||uk(t)||2dt+
∫ t
0
||Akt (t)||
2dt
)
+ 2
∫ t
0
∫
Ω
f2dxdt. (3.10)
Notice that
||uk(0)|| = ||φk|| ≤ ||φ||, ||Akt (0)|| = ||η
k|| ≤ ||η||,
||∇Ak(0)|| = ||∇ψk|| ≤ ||∇φ||. (3.11)
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It follows that (3.10) and (3.11), we have the following estimate by Gronwall
inequality
||uk(t)||2 + ||Akt (t)||
2 ≤ 2(||φ|| + ||η||+ ||∇ψ|| + ||f ||)e(2+ρe/ǫ0)t,
||∇Ak(t)||2 ≤ 2(||φ|| + ||η||+ ||∇ψ|| + T ||f ||)e(2+ρe/ǫ0)t,∫ T
0
||∇uk||2dt ≤ 2(||φ|| + ||η||+ ||∇ψ|| + T ||f ||)e(2+ρe/ǫ0)t. (3.12)
Furthermore, (3.12) implies that the global existence in t for approxima-
tions (uk,Ak) and also that
{uk} is uniformly bounded in L2(0, T ;W ) ∩ L∞(0, T ;Y ),
{Ak} is uniformly bounded in L∞(0, T ;W ),
{Akt } is uniformly bounded in L
∞(0, T ;Y ).
Therefore, we conclude that there exist u0 ∈ L2(0, T ;W ) ∩ L∞(0, T ;Y ),
A0 ∈ L2(0, T ;V )∩L∞(0, T ;Y )andA0t ∈ L
∞(0, T ;Y ) and subsequence,which
we still denote by {uk}, {Ak}, {Akt } to simplify the notation, i.e.,

uk ⇀ u0 weakly in L2(0, T ;W ) and weak star in L∞(0, T ;Y ),
Ak ⇀ A0 weak star in W 1,∞(0, T ;Y ) ∩ L∞(0, T ;W ),
Akt ⇀ A
0
t weak star in L
∞(0, T ;Y ),
(3.13)
for 0 < T <∞.
Let uk ∈ L2(0, T ;W )∩L∞(0, T ;Y ). We want to obtain a uniform bound
for du
k
dt . For the equations
duk
dt
= −Pk(u
k · ∇uk)− νBuk +
ρe
ρ0
Pk(u
k × rotAk) + Pkf, (3.14)
we need to show that each term on the right of (3.14) is uniform bounded.
For any h(0 < h < 1) and v ∈ X, it is easy to see that
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∣∣∣∣
∫ t+h
t
∫
Ω
∇uk · ∇vdxdt
∣∣∣∣ ≤
[ ∫ T
0
∫
Ω
|∇uk|2dxdt
] 1
2
[ ∫ t+h
t
∫
Ω
|∇v|2dxdt
] 1
2
≤ ||∇v||L2(Ω,R3)||u
k||L2(0,T ;W )h
1
2 ,
(3.15)∣∣∣∣
∫ t+h
t
∫
Ω
(uk · ∇uk) · vdxdt
∣∣∣∣ ≤
n∑
i,j
∫ t+h
t
∫
Ω
uki u
k
j
∂vj
∂xi
dxdt
∣∣∣∣
≤ C||v||C1(Ω,R3)||u
k||L∞(0,T ;Y )h,
(3.16)
∣∣∣∣
∫ t+h
t
∫
Ω
(uk × rotAk) · vdxdt
∣∣∣∣ ≤ C
∫ t+h
t
∫
Ω
|uk||∇Ak||v|dxdt
≤ C||v||C1(Ω,R3)||u
k||L∞(0,T ;Y )||A
k||L∞(0,T ;W )h,
(3.17)∣∣∣∣
∫ t+h
t
∫
Ω
f · vdxdt
∣∣∣∣ ≤ ||f ||L2(Ω)||v||L2(Ω,R3)h, (3.18)
Hence, from (3.4) and (3.15)-(3.18), we have
|cik(t+ h)− cik(t)| ≤ Ch
α(0 < α ≤ 1),
where C is independent on k. So, for any fixed i, cik is uniformly bounded
and equi-continuous in t ∈ [0, T ]. According to Arzela-Ascoli theorem, we
have
lim
k→∞
sup
0≤t≤T
[ ∫
Ω
(uk − u0)vdx
]2
= 0, for v ∈ X. (3.19)
Analogously, for any v ∈ X, we have
lim
k→∞
∫ T
0
[ ∫
Ω
(Akt −A
0
t )vdx
]2
dt = 0. (3.20)
Thus, uk ⇀ u0, Akt ⇀ A
0
t is uniformly.
From Lemma C.4.2 in [15] and Theorem 5.2.1 in [5], combining (3.13)
and (3.19)-(3.20), we easily get
uk → u0, Ak → A0, Akt → A
0
t in L
2((0, T ) × Ω). (3.21)
Note that for any v ∈ C∞(Ω,R3) ∩W , by (3.21), we have
lim
k→∞
∫ t
0
∫
Ω
(uk · ∇uk) · vdxdt = − lim
k→∞
∫ t
0
∫
Ω
n∑
i,j
uki u
k
j
∂vi
∂xj
dxdt
= −
∫ t
0
∫
Ω
(u0 · ∇v) · u0dxdt
=
∫ t
0
∫
Ω
(u0 · ∇u0) · vdxdt.
(3.22)
12
And from Theorem 5.2.1 in [5], we get
lim
k→∞
∫ t
0
∫
Ω
uk × rotAk · vdxdt =
∫ t
0
∫
Ω
u0 × rotA0 · vdxdt.
So, the problem (3.1)-(3.3) exists a global weak solution.
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